Brainstem viscerotopic organization of afferents and efferents involved in the control of swallowing.
Cholera toxin horseradish peroxidase (CT-HRP), a sensitive antegrade and retrograde tracer, is effective at labeling swallowing motoneurons and their dendritic fields within the nucleus ambiguus (NA), nucleus of the solitary tract (NTS), dorsal motor nucleus of the vagus nerve, and hypoglossal nucleus. Using this tracer to label motoneurons within the NTS demonstrates that palatal, pharyngeal, and laryngeal afferents overlap considerably within the interstitial and intermediate subnuclei. These afferents have a pattern of distribution within the NTS similar to the labeling observed after application of the same tracer to the superior laryngeal nerve. Esophageal afferents, however, terminate entirely within the central (NTScen) subnucleus and do not overlap their distribution with palatal, pharyngeal, or laryngeal afferents. Within the nodose ganglion (NG), sensory neurons projecting to the soft palate and pharynx are located superiorly, and those projecting to the esophagus and stomach are located inferiorly, an organization that indicates rostrocaudal positioning along the alimentary tract. Sensory neurons within the NG and NTS contain, among others, the major excitatory and inhibitory amino acid neurotransmitters glutamate (Glu) and gamma-aminobutyric-acid (GABA). Both Glu and GABA help to coordinate esophageal peristalsis. Using pseudorabies virus as a transsynaptic tracer demonstrates the role of GABA and Glu as mediators of synaptic transmission within the swallowing central pattern generator, a fact further supported by the presence of specific receptors for each neurotransmitter within the NTScen. Anatomic studies using CT-HRP have been effective in revealing the total extent of extranuclear dendritic projections and the organization of dendrites within the confines of a nucleus; further studies have produced the following data. Motoneurons innervating the soft palate, pharynx, larynx, and cervical esophagus have extensive dendrites that extend into the adjacent reticular formation with a distinct pattern for each muscle group. Motoneurons of the musculature active during the buccopharyngeal phase of swallowing (soft palate, pharynx, cricothyroid, and cervical esophagus) have extensive dendritic arborizations that terminate within the adjacent reticular formation of the NA. Swallowing premotor neurons located in the reticular formation surrounding the NA are active during the buccopharyngeal phase of swallowing. These data provide an anatomic basis for interaction of swallowing motoneurons with premotor neurons located in this area. Motoneurons innervating all levels of the esophagus are confined to the compact formation (NAc), whereas those motoneurons projecting to the pharynx and cricothyroid muscle are located in the semicompact formation (NAsc). The intrinsic laryngeal muscles were represented within the loose formation (NAI) and the heart within the external formation. In contrast, the dendrites of motoneurons projecting to the thoracic and subdiaphragmatic esophagus are confined to the NAc. Both the NAsc and NAc have extensive longitudinal bundling of dendrites within the confines of the nucleus, resulting in the formation of a rostrocaudal dendritic plexus where dendrites crisscross between bundles. Intranuclear bundling of dendrites is evident in the soft palate, pharynx, and esophagus and is lacking only for the cricothyroid muscle. Moreover, ventrolateral- and dorsomedial-oriented dendritic bundles are present within the NAsc. In contrast to the longitudinal dendritic bundles, the ventrolateral- and dorsomedial-oriented dendritic bundles exit the NAsc and penetrate the adjacent reticular formation. The extensive bundling of motoneuronal dendrites within the NA supports the hypothesis that these structures serve as networks for the generation of complex motor activities, such as swallowing.